Background and purpose: Alien invasive species have been described as an outstanding global problem. Hundreds of species are intentionally and unintentionally moved worldwide and and numbers of introductions to new habitats have been accelerated all over the world due to the increasing mobility of people and goods over the past decades. Numerous alien insect species, many of them introduced only in the last 20 years, have become successfully established in various ecosystems in Croatia. Box tree moth (Cydalima perspectalis, Lepidoptera; Crambidae) is an invasive pest recently introduced to Europe causing serious damage to ornamental box (Buxus sp.) shrubs and trees. The aim of this paper is to describe the biology of box tree moth with prognosis of its future spread and damages in Croatia.
INTRODUCTION
Alien species are considered as one of the major threats to biodiversity after habitat destruction [1, 2] causing enormous damage to ecosystems and economies [2, 3, 4] . As a result, they have been described as an outstanding global problem [5] . Alien species can significantly impact the functional properties of ecosystems, disrupt food webs, displace indigenous species, even threaten food and water supplies [6] . Hundreds of species are intentionally and unintentionally moved worldwide [7] and these introductions have been accelerated all over the world due to the increasing mobility of people and goods over the past decades [8] with varied modes of entry and transportation routes [9] . Numerous alien insect species, many introduced only in the last 20 years, have become successfully established in various ecosystems in Croatia [10] .
While a certain number of alien insect species have little impact and are thus rarely noticed, some cause substantial damage to plants and the environment, and may have catastrophic effects on biodiversity. Box tree moth (Cydalima perspectalis Walker, 1859; Lepidoptera; Crambidae) is one of the most recent introductions to Europe [11] as well as to Croatia [12] causing serious damage to ornamental box (Buxus sp.) shrubs and trees.
Box tree moth was introduced to Europe in 2006 initially in Germany and Netherlands [13] , and then it quickly spread to other European countries: Switzerland [14] , England [15] , France [16] , Czech Republic [17] , Italy [18] , Slovakia [18] , Austria [19] , Slovenia [20] , Hungary [21] , Turkey [22] , Romania [23] and Belgium [18] . The species is native to eastern Asia (India, China, Korea, Japan) [11] and feeds on every one of the most frequently planted box-tree species and varieties in Central Europe [24] . This rapid spread and establishment in European countries can be attributed to the ornamental plant trade as in particular box plants (Buxus sempervirens L.) are very popular ornamental garden plants. It is thought that the species was originally introduced with imports from China [11] . The larvae of the box tree moth are defoliating the plants posing a serious threat to these popular ornamentals especially in historical and formal gardens, hedging and topiary [11, 25] .
The aim of this paper is to describe the biology of box tree moth with prognosis of its future spread and damages in Croatia.
MATERIALS AND METHODS
Young larvae (first and second instars) of box tree moth were collected in August and September 2013 in Arboretum Opeka, Vinica near Varaždin (coordinates N 46.327017; E 16.14747) and adults were collected in Varaždin (N 46.31551, E 16.316509). They were brought to entomological laboratory, Croatian Forest Research Institute and reared to pupae and moths. All developmental stages were photographed with Olympus camera E30 and Olympus stereo microscope SZ X7 (0,5x). The adults were identified according to Mally and Nuss 2010 [26] .
RESULTS
The box tree moth was recorded for the first time in North Croatia in August 2013 when larvae were found defoliating box plants (B. sempervirens) in Arboretum Opeka, Vinica ( Figure 1 ). The larvae and moths were identified as C. prespectalis. According to damages it can be assumed that the pest has been introduced to the region earlier (in 2011 or 2012) and that the primary infection has been undetected.
Newly hatched larvae were found on box trees (from eggs laid on the underside of box leaves), they are greenish yellow with black heads (Figure 2 ). Mature larvae have the green ground colour with a pattern of thick black and thin white stripes along the length of the body, with large black dots outlined in white on the dorsal side ( Figure 3 ). They are Adults have a wingspan of around 4 cm with a thick dark brown border of uneven width around the edges of white-coloured wings ( Figure 4 ). The moths are iridescent when looked from different angles. The body is white, with a dark brown head and posterior end of the abdomen.
During this research we could not define the exact number of generations as first damages were visible in August but at least two generations per year could be assumed in Croatia in 2013. The box tree moth has two to three generations per year in Europe, while in the native range up to 5 generations per year are possible [19] . It overwinters as larva, spinning a cocoon between box leaves in autumn and completing its development the following spring.
The damage caused on box tree plants at the locality of research was found to be serious. Young larvae feed in the lower surfaces of the leaves only and leave the upper epidermis intact, whereas older larval stages feed inside the webbing, leaving only the midribs intact ( Figure  5 ), they also eat green bark of the young twigs. Younger larval instars feed sheltered between two spun leaves and later instars rest during the day in loosely spun webbing where they also overwinter. Webbing and larval excrement were found between leaves and twigs. After overwintering, the larvae continue feeding until the end of March and when fully grown, they pupate and the moths of first generation appear up to 4 cm in length, and have 6 larval stages.
The pupae are between 1.5 and 2.0 cm long. They are initially green with dark stripes on the dorsal surface, while older pupae turn brown. They are concealed in a cocoon of white [11] . The damaged box plants lose their amenity value as garden plant since defoliation is visible particularly on lower branches (Figure 1 ).
DISCUSSION AND CONCLUSIONS
Almost 90% of alien invertebrates in Europe were introduced unintentionally through human activities, mostly as contaminants of a commodity [27] . The main pathway of introduction of alien and invasive insect species on trees and shrubs is trade of ornamental plants [28] . In Europe, ornamental plant trade contributes significantly more than forestry products to the invasion of alien forest insects [9] . More than 80% of alien insect species in Croatia (57% on agricultural lands and 28% in parks and gardens) have been established in man-made habitats [14] . Box tree moth is another invasive species introduced to Europe and Croatia with ornamental plants, establishing and quickly spreading in a new habitat [11] . Ornamental plants and flowers are transported also very rapidly around the globe allowing alien insects to survive during transport and established themselves in new environment. There is a strong suspicion that ornamental plants are one of main pathways of introduction of alien insects to Croatia due to the increase of the imported volumes from year to year [10] . Box tree hedges have an important value in historical gardens and are essential element of gardens and parks [14] .
Ways of spreading
It is likely that the box tree moth reached Europe on horticultural box tree plants imported from China [11] . Eggs and small larvae are difficult to detect and are easily dispersed with contaminated plants. The box tree moth is a good flyer, so it can also disperse naturally (5 km/year) [18] , with several generations per year and good flying abilities it has a relatively high self spread potential. It easily spreads from contaminated areas as its host plant is extensively traded all over Europe being one of the most popular and widely planted ornamental plants.
Damage and control measures
The defoliation reduces the amenity value and repeated severe defoliation can result in the death of plants [11] . First signs of box tree moth presence are the following:
• moths (from May/June and in August) and larvae (from March until October), • first partially devoured leaf epidermis and later whole leaves and green bark eaten by larvae, • webbing and light coloured excrements can be found between leaves and twigs The plants should be checked in the middle as box shrubs are usually very thick and when the infection starts the larvae live well protected inside the plants. If larvae, pupae or moths are found on box plants they cannot be misidentified for another species as this is the only one so far that makes such visible and characteristic damage. Ecological impact and damage may become particularly important when this pest reaches the main areas of natural distribution of Buxus spp. in Europe such as France, the Pyrenees, Montenegro and F.Y.R.O.M. where the European box tree is an essential component of unique forest ecosystems [11, 29] .
Cultivated box trees can be protected by chemical insecticides or the ones based on Bacillus thuringiensis (Bt). In private gardens and on smaller plants, the moth may be controlled by hand picking caterpillars, by shaking trees or by spraying with water [19] .
No natural enemies have been recorded in Europe so far [11] while it is neither attacked by predators (birds) because of the toxicity of the host plant [14] . Given all these circumstances this invasive pest has very favourable conditions (no natural enemies, favourable climate, widely available host plant) for spreading and establishing in new areas.
Forecast of box tree moth spreading in Croatia
Seven years after the first introduction, the pest has either naturally spread or been introduced multiple times and consequently it is now established widely across Europe [11] . This is the first record of this pest in Northern Croatia and, based on its potential, it can be expected that the pest will rapidly spread to other parts of Croatia damaging seriously box plants and thus becoming threat to gardens and parks in Croatia.
